We report the discovery of two hot-Jupiter planets, each orbiting one of the stars of a wide binary system. WASP-94A (2MASS 20550794-3408079) is an F8 type star hosting a transiting planet with a radius of 1.72 ± 0.06 R Jup , a mass of 0.452 ± 0.034 M Jup , and an orbital period of 3.95 days. The Rossiter-McLaughlin effect is clearly detected, and the measured projected spin-orbit angle indicates that the planet occupies a retrograde orbit. WASP-94B (2MASS 20550915-3408078) is an F9 stellar companion at an angular separation of 15 (projected separation 2700 au), hosting a gas giant with a minimum mass of 0.618 ± 0.028 M Jup with a period of 2.008 days, detected by Doppler measurements. The orbital planes of the two planets are inclined relative to each other, indicating that at least one of them is inclined relative to the plane of the stellar binary. These hot Jupiters in a binary system bring new insights into the formation of close-in giant planets and the role of stellar multiplicity.
Introduction
More than 200 hot Jupiters (Mayor & Queloz 1995) have been discovered by exoplanet transit surveys. These short-period planetary systems are the easiest to detect because their small orbits improve their chances of transiting to typically 10%. The large radii of hot Jupiters produce deep transits (of about 1% depth) that are easily detectable from the ground. Several surveys have found these planets: TrES (Alonso et al. 2004) , XO (McCullough et al. 2005) , WASP , HATNet (Bakos et al. 2007 ), KELT (Pepper et al. 2007) , and QES (Alsubai et al. 2013) . Although many hot Jupiters are known, they rarely occur around solar-type stars with rates from 0.3 to 1.5% (Wright et al. 2012 ) depending on the metallicity ([Fe/H]) of the stellar sample studied.
Only three stellar binaries are known to host pairs of circumprimary planetary systems. HD20782/HD20781 is a wide stellar binary in which HD20782 hosts a Jupiter-mass planet (Jones et al. 2006 ) and HD20781 hosts two Neptune-mass planets (announced by Mayor et al. 2011) . XO-2 is a metal-rich wide stellar binary in which XO-2N hosts a transiting hot Jupiter (Burke et al. 2007 ). XO-2S was found to have two planets, one of Jupiter, one
The radial-velocity and photometric data used for this work are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.ustrasbg.fr/cgibin/qcat?J/A+A/ of Saturn mass (Desidera et al. 2014) . Kepler-132 is a stellar binary hosting three super-Earths (Lissauer et al. 2014) . Its angular separation of 0 . 9 is too small to identify which star the planets are transiting. Dynamical considerations demonstrate that the two planets with the shortest periods cannot be orbiting the same star. We report here the discovery of a twin binary system in which each star hosts a hot Jupiter.
The WASP-94 unique system is of particular interest for understanding the formation of hot Jupiters. The conditions triggering the migration inside the disc (Lin et al. 1996; Papaloizou & Terquem 2006) are not yet fully understood. Dynamical interactions with an additional companion (Fabrycky & Tremaine 2007) are thought to play an important role, especially in the case of misaligned planets (e.g. Brown et al. 2012) .
We here describe the planet detection processes, derive the system parameters, and discuss how this system fits into formation theories with respect to stellar multiplicity.
Discovery of WASP-94A b
The WASP-94 system was identified as a transiting planet candidate by the WASP-South (Hellier et al. 2011) (Baranne et al. 1996; Queloz et al. 2000) . The radial velocities were computed by applying the weighted cross-correlation technique (Pepe et al. 2002) Following the confirmation of a planetary companion to WASP-94 with CORALIE, we used the TRAPPIST telescope (Jehin et al. 2011) to observe an egress in the z band on 2012 Aug 31, which unambiguously confirmed that the transit occurrs on the brighter western component. Four high-precision transit light-curves were obtained in 2013. Two were observed with TRAPPIST in the I + z filter on Jun 23 and 27. Simultaneously with TRAPPIST, EulerCam (Lendl et al. 2012 ) observed the full transit on Jun 27 in the Gunn r filter. A partial transit was observed by EulerCam on Jul 1, in the same filter. The first half of the transit on Jun 27 was affected by clouds (see Fig. 1 ). The mean full-width at half-maxima (FWHM) of the point spread functions (PSF) of the observations are 3 . 0, 3 . 6 and 2 . 7 for TRAPPIST and 3 . 4 and 3 . 3 for EulerCam. The separation of the two stars in this visual binary is 15 . 0, therefore there is negligible contamination of the transit signal by the companion to WASP-94A.
We performed a spectral analysis on a high S/N spectrum obtained by co-adding all the individual CORALIE spectra. The methods used are described in Doyle et al. (2013) . The spectral type was determined from T eff using the stellar spectral classification of Gray (2008) . The stellar mass and radius were derived from the T e f f , log g, and [Fe/H] using the calibration reported by Torres et al. (2010) . A search for rotational modulation was performed as described by Maxted et al. (2011) on the WASP photometry including the light from both stars, and led to no significant detection. The results are summarised in Table 1 . We performed a simultaneous Markov chain Monte Carlo (MCMC) least-squares fit to the combined radial velocities from CORALIE and the transit light-curves from WASP, TRAPPIST, and EulerCam. Details of the method were presented in Collier Cameron et al. (2007) and Anderson et al. (2014) . The WASP data were scaled using the magnitudes found in the UCAC4 catalogue (Zacharias et al. 2013 ) to account for the dilution. We assumed a circular orbit because no significant eccentricity can be detected in the data (e < 0.13 at 3σ). We applied a prior on v sin i corresponding to the projected equatorial rotation velocity of WASP-94A measured from stellar line broadening. The fitted value is consistent with the prior. To mitigate the effects of stellar activity on our results, the Rossiter-McLaughlin sequence was fitted as an independent dataset. The orbit is certainly misaligned and likely is retrograde (λ = 151
• ± 20
• ). Figure 1 shows the plots of the best solution for photometric data, Fig. 2 the same for spectroscopic data. The parameters are summarised in Table 2. a (AU) 0.055 Fig. 3 . WASP-94B periodogram. The dotted lines correspond to a falsealarm probability of 0.1%, 1% and 10%.
A planet around WASP-94B
The fainter (eastern) component of the stellar system, WASP-94B, was initially ignored during follow-up observations. From a couple of serendipitous measurements on WASP-94B, we detected a radial velocity variation of 159 m s −1 . That triggered intensive observations of the star with CORALIE to confirm its variability. Interestingly, the FWHM of the CCF of WASP-94B is smaller than WASP-94A, suggesting a weak rotational broadening of the spectral lines (v sin i ). Twenty-one spectra were obtained between 2012 Aug 18 and 2014 May 5. A spectral analysis was performed on WASP-94B similarly to WASP-94A. The results are shown in Table 1 .
The FWHM and the bisector span of the CCF of the fainter component are scattered. Since there is no correlation with the radial velocities (see Fig. 4 ), the possibility that stellar activity might have induced the signal is rejected (Queloz et al. 2001) .
We unsuccessfully searched for a transit of WASP-94Bb. First we used the WASP light-curve that includes the light of both stars. We phase-folded the WASP photometric data using the period and phase obtained with the radial velocities. No transit signal was detected. Later, the TRAPPIST telescope observed WASP-94B on 2014 May 10 and 14, excluding a transit down to 1.5 mmag depth. From this non-detection, we can estimate an upper limit for the inclination of the orbital plane of WASP94Bb as i < ∼ 79
• . It is interesting that the orbital planes of the two planets are inclined relative to each other, which indicates that at least one of them is inclined relative to the plane of the stellar binary.
We only analysed the radial velocities because we did not detect any transit. The Lomb-Scargle periodogram of the velocity data plotted in frequency is displayed in Fig. 3 . There is a significant peak (false-alarm probability lower than 0.1%) corresponding to a period of 2.008 d. The fitted eccentricity is much lower than the error bar (e = 0.13 ± 0.20). Thus we assumed a circular orbit. The Keplerian solution is plotted in Fig. 4 . The system parameters are listed in Table 3 .
The stellar binary
The pair of stars is listed in the Washington Double Star Catalog (Mason et al. 2001) bars (see Table 4 ). Adding to that the very similar systemic velocity obtained with the radial velocity data, it is very likely that the visual binary is a bound system. The space motions (Table 4) are compatible with young disc stars (Leggett 1992) . The low rotation velocity and the lithium abundances of the two stars indicate that they have already undergone magnetic braking and lithium depletion along the main sequence. Large lithium variations are expected for F-G main sequence stars depending on their initial rotational velocity (see Charbonnel & Talon 2005; Meléndez et al. 2010 ). Therefore we cannot use the lithium indicator to estimate an age difference, nor exclude that the two stars are coeval. The similar metallicity favours the idea of simultaneous formation. From evolutionary tracks we have estimated an age of ∼4 Gy. Using the relation of Barnes (2007) together with a system age of 4 Gy, we found a rotation period of ∼19.0 d for the brighter component (WASP-94A, F8), and ∼21.7 d for the fainter (WASP-94B, F9). We compared these values with the measured rotation periods computed using the respective v sin i . We calculated that the brighter component (WASP-94A, P rot = 19.5 d) is perpendicular to the line of sight, while the fainter one (WASP-94B, P rot > 45.5 d) is inclined by >60 degrees. Note that gyrochronology is not best suited for stars of this age, especially because close-in giant planets were shown to have an influence on their host stars' angular momentum (Lanza 2010; Poppenhaeger & Wolk 2014) . These numbers therefore need to be used with caution. They are given as supporting information for dynamical considerations. From the absolute magnitudes we estimated a distance of 180 ± 20 pc. Gaussian fits to the PSF of the two stars on 300 EulerCam images give a projected separation of 15 . 0297 ± 0 . 0128 (14 . 9877 ± 0 . 0162 from TRAPPIST). The distance between the stars is estimated to be at least 2700 au.
Discussion
Spectroscopic and photometric surveys have similarly shown that hot Jupiters are rare objects (Wright et al. 2012) . Detecting two hot Jupiters in a system of two stars is therefore very unlikely. However, there is an important characteristic we must consider: the metallicity. Indeed, metal-rich stars are known to host more giant planets than metal-poor stars (Gonzalez 1997; Santos et al. 2004; Fischer & Valenti 2005) . Considering this, the likelihood of finding a hot Jupiter around a metal-rich star is higher. No statistical study has focused on hot Jupiters around metal-rich stars. An estimate of this occurrence can be obtained using the results published in Fischer & Valenti (2005) . Their sample contains 122 stars with a [Fe/H] between 0.25 and 0.5. We counted the number of hot Jupiters they detected around these stars. If hot Jupiters are defined as planets with a minimum mass higher than 0.3 M Jup and a period shorter than 10 d, there are five such planets. This yields an occurrence rate of 4.10%. If we relax the constraint of the lowest minimum mass to 0.2 M Jup , we obtain two more planets and an occurrence rate of 5.74%. We consider 5% to be a good approximation.
If we assume that multiplicity and hot-Jupiter occurrence are independent, the chance of finding two hot Jupiters around two metal-rich stars ([Fe/H] > 0.25) is ∼0.25%. This value is an upper limit of the estimated occurrence rate for WASP-94A+B because the metallicities of these stars are [Fe/H] ∼ 0.25. With only one system, no statistical inferences can be made. Finding this system may have been entirely serendipitous. We examined the WASP sample for similar systems. WASP-77 (Maxted et al. 2013) and WASP-85 (Triaud et al. in prep) are close visual binaries in which one stellar component hosts a transiting hot Jupiter. The HARPS spectrograph at the ESO 3.6 m telescope was used to identify the star in these binaries that hosts the transiting planet. Radial velocities were taken on both components. No variation suggesting the presence of a hot Jupiter around the companion stars was detected. WASP-64 (Gillon et al. 2013 ) is a wide binary containing a star hosting a transiting hot Jupiter. The radial velocity measurements obtained on the stellar companion reveal that it is a spectroscopic binary. Thus it is hard to conclusively demonstrate the presence or absence of a planetary companion. A few additional systems are currently being surveyed.
The formation of the planets in the WASP-94 system is unlikely to have been influenced by interactions between the discs because of their large separation (Duchêne 2010) . Considering that the stars were formed simultaneously from the same cloud and are very similar, it is reasonable to assume that the discs had a very similar composition and/or properties. The discovery of a hot Jupiter around each star suggests that the same formation process took place and that similar favourable conditions boosted the migration of the planets.
On the other hand, secular interactions are thought to play an important role in the formation of hot Jupiters, even in the case of a distant stellar perturber (Naoz et al. 2012) . The secular timescales are compatible with the age of the system, under the condition that the planet's orbit reaches very high eccentricities. High mutual inclinations could lead to high eccentricities through the Kozai-Lidov mechanism (e.g. Petrovich 2014 ). The results obtained in Sects. 3 and 4 are compatible with these requirements. In addition, the high inclination of the orbit of WASP-94Ab is compatible with a dynamical formation scenario. Note that misaligned systems are common around hot stars. With an effective temperature of 6170 K, WASP-94A is on the threshold of patterns proposed by Schlaufman (2010) and Winn et al. (2010) .
Even though at this stage nothing can be proven, there are recent dynamical theories relevant to this system. Moeckel & Veras (2012) described interactions in which a planet orbiting one component of a stellar binary can "jump" to the other star. If the two giant planets were formed around the same star, planetplanet scattering could have occurred. This would have pushed one of the planets near the host star and ejected the second one, which could then have been captured by the stellar companion. As we do not know the eccentricity of the stellar system, we can also consider the "flipping mechanism" described by Li et al. (2014) , in which a coplanar system leads to very high eccentricities for the planet.
